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The cobaltous ion, as well as many other chemicals, particularly the purine analogs, are known to affect the growth of etiolated leaves in the presence or absence of photomorphogenically active light (11, 18, 19) . Additionally, cobalt has been shown to pronmote growth of other etiolated tissue such as the oat (Avena) coleoptile (2, 21) and pea roots (6) . There have been different explanations of the mode of action of Co+ +. Busse (2) presented evidence that Co+ + delays the deposition of secondary cell wall material, thereby prolonging the action of IAA. Galston (6) observecl that the rate of peroxide formation in etiolated tissue is loNwered by the addition of Co+ +, which in turn results in a decreased peroxidative destruction of IAA. Thimnann (21) by using specific inhibitors came to the conclusion that Co+ + modifies some step in oxidative metabolism which makes energy available for growtlh by diverting it from other metabolic roles.
The present investigation arose froml an observation that leaf disks given Co+ + plus DNP5 responded (luite differently from those given BAP plus DNP.
In view of the diversity of opinion on the mechanism of Co+ + action, it was of interest to obtain information about the primary site of action of Co" +. The (22) , and placedl in petri dishes containing filter paper and 5 ml of a nutrient solution as used by NMiller (13) .
Each dish contained 20 (20) . The amount of ATP was determinie(l by the luciferinluciferase method using luciferase isolated fromii dehydrated firefly tails according to the proceclure of Green and McElroy (8) . The reaction mixture containing 50 ,umoles of glycylglycine buffer (pH 7.8 ), 10 ,.umoles MgSO4, and 0.1 mil of the luciferase preparation in a total volume of 2.3 ilml was put into a 3 ml Beckman cuvette and placed into a light-tight box.
One-half ml of the ATP-cointainiing sample was inljected into the mixture wvith a syringe. The These experiments were performed in Warburg vessels at 25°. Oxygen uptake was measured manometrically. Phosphorylation was determined in preliminary experiments by measuring the disappearance of inorganic phosphate (1). In subsequent experiments, the accumulation of the end product was measured. The original procedure (9) yielded glucose-6-phosphate; however, the spectrophotometric test for glucose-6-phosphate (5) could not be applied since the yellow color of DNP interfered with it. By omitting glucose and hexokinase from the reaction medium, the end product was changed to ATP. This permitted the use of the luciferase method (8) to determine the phosphorylative activity of isolated mitochondria. The following procedure was employed for sample collection: at zero time and at different time intervals thereafter, 1.0 ml samples were taken, placed into 2.0 ml of ice cold 5 % perchloric acid. The excess amount of perchloric acid was neutralized with KOH and the precipitate removed by centrifugation. The supernatant was decanted and diluted fivefold with ice cold water. The samples were kept near O0 during these steps. All treatments were done in duplicate or triplicate.
ATPase Activity. The ATPase activity of sweet potato mitochondria was determined according to Forti (4) concentration of Co± + is between 3.0 and 4.5 x 10' M in the dark, as well as after exposure to a saturating dose of red light. These findings agree with results of Miller (14) , and Scott ancl Liverman (19) .
The Effect of DNP. In order to findl out whetlher this phenonmenon also holds for other growth promoting substances, or whether it is peculiar to Co+ +, BAP was teste(l in the same way. BAP is known to pronmote the expansion of etiolated leaf disks (19) , with an optimal concentration of approximately 4 X 10-5 Mr. Leaf disks incubated with BAP were very susceptible to the inhibitory effect of DNP as shown in figure 2. The growth promotion clue to BAP declined sharply with increasing concentrations of DNP. The difference in growth between BAP-treated disks an J controls was large at low concentrations of DNP, whereas at higher concentrations of DNP, the growth of BAP-treated disks rapidly approaclhe(d that of the control disks receiving DNP alone. This observation held true for concentrations of BAP from 1 X 10-5 M to 2 X 10-3 M.
Effect of Co" + on the A TP Content of Leaf Tissue. The primary product of oxidative phosphorylation is ATP, and uncoupling substances such as DNP result in a decrease of ATP in the treated tissue. However, since the growth promoting effect of Co+ + was not reduced by DNP, one might expect differences in the concentration of ATP in leaf tissue wvhich Leaf disks which had been kept in the dark were assayed at various times for ATP. In figure 3 , the results are summarized with reference to fresh weight.
Essentially, the same pattern was observed when these values were referred to protein content. The concentration of ATP in control samples decreasedl slightly during the periodl of 48 hours. Co+ + by itself did not appreciably affect the anmount of ATP in leaf tissue except to cause a slight decrease below controls, perhaps due to the intensive growth of the Co+ +-treatedl disks. DNP, as expected, cause(l the ATP level to be reduced drastically. This effect of DNP became more pronounced with tinle. Supplying Co+ + in addition to DNP (lid not prevenit an initial decrease of ATP (clotted line in fig 3) ; however, after 12 hours, the ATP content of these samples Ino longer differed mlarkedly from the controls. Thus, the addition of Co+ + to the DNP-containing nmedium apparently prevented (except for the first 6 hrs) the loss of ATP, which occurred if DNP alone was present.
Effect of Co"+ oni Oxidatize Phosphorylatiov of Mitochondria. The enzymic activity of mitochondria isolated from etiolated bean leaves was inadecquate for testing the effect of Co+ +. In trying different plant organs known to yield mitochondria with high phosphorylative activity, sweet potatoes were found to be a good source. Therefore, the following experiments were done with mitochoindlria isolated from sweet potatoes.
The influence of Co± + and DNP on the l': 0 ratio of isolated mitochondria was tested. Table I gives the results of a represelntative experiment. More than 20 experimenits of this kindl were done using citrate, succinate, and a-ketoglutarate as substrates. The results show that the addition of Co++ (2 X 10-4 Ai) has no significant effect on respiration or phosphorylation of nmitochon(dria. In the presence of DNP (1 X 10-4 At), the P: 0 ratio of nmitochondria dlecreased to about 50 % of the control, mainly as a determining the disappearance of Pi, the formation of ATP was measured directly. The following modifications had to be made in the incubation mixture: the phosphate trapping system (glucose and hexokinase) was omitted, thereby yielding ATP as the end product of the reaction. In addition, the concentration of ADP was decreased from 1 X 10-3 M to 1 x 10-5 M, to prevent its interfering with the ATP determination by the luciferase method. In other experiments, ADP was omitted entirely, relying only on the endogenous nucleotides contained in the mitochondria. The experiments on the P: 0 ratio quoted above had shown that the rate of oxygen uptake in isolated mitochondria is not affected by the addition of Co++. Therefore, only the phosphorylative activity was determined in the following experiments. The reaction mixture was similar to that described in table I, except for the omission of glucose and hexokinase. The amount of ADP was decreased to 10 mu moles/ml. Sample volume was 3.0 ml and incubation was 30 min at 250. (3, 7) . The accumulation of ADP can be avoidledl by the addition of an ATP-regenerating system (7). Phosphoenolpyruvate and pyruvate kinase were used to regenerate ATP following the procedure of Pullman et al. (16) . The results of a representative experiment are given in table IV (experinment 2). In the presence of the ATP-regenerating system, the inhibition of ATPase activit (lue to Co+ + becam11e even mlore pronounce(l.
Discussion
The experiments reported in this paper w\,ere performed to find an explanation for the phenomenon that Co++-induced (fig 2) , as well as in the phosphorylative activity of isolated mitochondria (table I) , there is still a noticeable inhibition even when DNP was added together with Co+ +. Also, the absorption spectrum in visible light was the same for individual solutions of DNP and Co+ + as for a combined solution of the two Therefore, the formation of a physiologically inactive complex is unlikely. Another 12 10 level in isolated mitochondria lead us to the same conclusion as Thiman (21) ; namely, that Co+ + in some way modifies the plant's energy metabolism.
On the basis of our data, we suggest that this modification is related to the effect of Co+ + to increase ATP production by retarding the activity of ATPase. The effect of Co"+ on the ATP level in leaf tissue, and on the yield of phosphorylating mitochondria from sweet potatoes, reveals a certain conformity. This suggests that the same system operates in both tissues, although our data do not demonstrate this directly.
It is not clear whether the above mentioned mechanism is also involved in the antiperoxidative action of Co+ + as reported by Galston and Siegel (6) . Further experimentation is necessary to determine whether the stimulating action of Co + + in other plant tissues is related to the capacity of Co+ + to increase the yield of oxidative phosphorylation.
Summary
The growth promoting effect of cobalt ions in etiolated bean leaf tissue is independent of growth inhibition by 2,4-dinitrophenol. Cobalt ions do not affect the content of adenosine triphosphate in bean leaf tissue, but cobalt ions prevent a decrease of adenosine triphosphate in the presence of 2,4-dinitrophenol.
Oxidative phosphorylation in isolated sweet potato mitochondria, as determined by disappearance of inorganic phosphate, does not appear to be influenced by cobalt ions. However, when adenosine triphosphate is determined by the luciferase technique, cobalt ions increase the yield of oxidative phosphorylation in both the presence and absence of 2,4-dinitrophenol.
The activity of adenosine triphosphatase in sweet potato mitochondria is lower in the presence of cobalt ions than without them.
